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This invention relates to cryptographs. 
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An important object of this invention is to provide 
and useful l-oproveaents in cipher machines or cryptographic mechan- 
isms ntilising rotatable oosnsutntors for enciphering a plain-language 
message by what is commonly known as a process of substitution, the 
latter being accomplished in a systematic manner, so tliat the process 
of substitution may be automatically reversed in deciphering such am 
enciphered message, thus recovering the original plain-language message. 

Za the eryptographie mechanisms referred to there ie usually 
provided a keyboard of tbs typewriter type, which controls a set of 

switches corresponding to ms a sage characters , and a set of signaling 

* 

dodoes which may consist of e bank of glee lamps or magnets to indicate 
the message ehareetere resulting from operation of the keyboard. The 
set of eeitohoo of the keyboard and the s t of signaling or indicating 
devices arc connected to each other eleetrioally by circuits and appai 
turn by means of whioh the aforesaid substitution is accomplished. 

The cryptographic principle of euoh eryptographie median! 
which will hereinafter be termed simply cryptographs, is based on the es- 
tablishment of a plurality of electrical circuits or paths between the 
keyboard eeltohos and the indicating doviooe through oommutatoro of a 
special type now well known in the art. Tbeee commutators are constructed 
la the form of flat disks bearing an annular set of eontaote on oaeh face. 
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Individual contact* of one faoe being connected by insulated conductor* 
passing through the dish to individual contacts of the other faoo in an 
arbitrary manner. In the literature of cryptography such commutators 
aro called " olphor wheels * # " coding oylintfars ” , and the like ; 
but, for purposes of greater clarity In description they will hereinafter 
he referred to aa " substitution commutators. * In a single cryptograph 
there nay he several such eonsmtators juxtaposed on a comon shaft. Thus, 
when nore than one substitution commutator is used, the cipher letter oh- 
tained upon depressing a key of the keyboard is the result of the passage 
of an electrical current along a complex path sot up throng all the 
juxtaposed substitution ooonutators, this path being composed of as many 
sub- iath» joined sequentially ae there are commutators. In other worde, 
there is here a cryptographic effect which is distinctly a cascade effaet 
of great cooplexlty. 

Cryptographs of the foregoing description may he divided 
into two categories. Into one category nay he placed all cryptographs 
having one or nore substitution commutators rotatably mounted on a shaft 
between two fixed end plates, each end plate hearing an annular ring of 
contacts, tbs latter being so disposed as to coincide exactly with the 
contacts on the faees of the substitution commutators. In cryptographs 
falling into this category the keying switches of the manually operated 
keyboard are connected to the contacts of one of the end plates, while 
members of the hank ef Indicating devices are connected to the contacts 
of the other end plate. Alee a reversing switch of twice as many con- 
tacts as thera are keys on the keyboard is previdad which enables the 
operator to interchange the connect ions between the two end plates, tbs 
baric of indicating devloes and the keyboard switches so as to provide for 
enciphering and deciphering equivalency. 

1 / 
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Into the otter category may te placed all cryptograph* hav- 
Uf « «lacl« ond plate of tho typo described. the latter contact* art* 
however, connected to the movable members of a eat of single pels, doable 
throw switches, the ember of owltohaa being- the earn* at the number of 
coataote provided on the end plate, and *o constructed that the ewitehaa 
are aoatrolLad by the keys of the manually operated keyboard* Adjacent 
to t-e above-da eerl bed end plate are mounted one or more substitution 
oemntntors, the final oomutator, that Is, the one most remote from the 
end plate, be in*: what is hereinafter described and referred to as a 
H re versing eonatator " . Ti e purpose of the reversing commutator ia 
to return a current entering too c ornate to re at one contact on the and 

plate to soma other contact on the same end plate; the current then 

/ 

oomee into the reversing plate via one complicated path through the 
c emulators and re turns to the end plate along another path through the 
commutators. Vhue* in this category of cryptographs enciphering-deciph- 
ering equivalency is effected without the use of a reversing switch 
which it necessary in cryptographs of the first category* 

In both catgforiee of cryptograph* it is usual to provide 
mane for angularly displacing or rotating the commutators, the raaeooi 
for which will be orlafly discussed. If, in cryptographs utilising 
substitution commutators of the type described, no provision la wade 
for their angular displacement during the course of one Sphering * 
plain-text message, the resulting cipher text will he monealpbabetie 
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in character j thit li # only one substitution alphabet sill have tan 
u*«d in the entire encipherment. I > is well-known that each meno- 
slphabetic cryptograms offer little reel stance to c "yptnr.alysie, and, 
in ^rder *o iocsas* the cryptographic security of such cryptograms, 
factor* other than acre change of alignment of the substitution con- 

i 

mutators from eteaaaga to message met ho incorporated therein* Here- 

j 

tofore several type* of olpfcer machines have he an invented In which one 
.. or wore of the substitution commutator* are rotated step hy step with 
the enciphement or decipherment of each letter, hnt in a regular and/ or 
meter-like manner. Such cipher machines provide a considerable iaorcaee 
In cryptographic security { that is, resistance te cryptanalysis) over 
those cipher machines in which no angular displacement of the substitu- 
tion commutators takes place, hut stilt not sufficient to insure practical 
' 

indecryptability for Cryptograms produced hy their use. This Is because 
the latitude of variability offered by the substitution commutator die- 
plecsmkA* ateohanism is limited and all forms thereof may be readily re- 
constructed fro^ a model of the cipher machine* 

it is an objsot of tnis invention to provide a means of 

c 

effecting the angular displacement or rotation of the substitution com- 
mutators in an irregular, completely aperiodic manner, thereby great! y 
increasing the resistance to cryptanalysis of cryptograms enciphered by 
cryptographs of the type described. 

A oitslc feature of vie invention is the provision if methods 
and means for controlling the angular displacements of the substitution 
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eoamtntora by electrical ciicuits which also pass through rotatall* 



conrutators, The latter thus constitute, la iffMt, eaamatntere far 
the control of the substitution commutators) for sate of brevity am i 



clarity in description. 



trolling eubstittxtiea 



mats.' or » performing this function of earn* 
tabors will hereinafter he designated simply 



as " Control commutators " . Several specific embodiments of the hasle 
, 'invention will he described* At thle point It will nerely he mentioned 

y 1 
/ 

that the oontrol eenentatore nay fom an Independent salt physically 

separate from the substitution eamnutatora hat electrical ly as cool at cd 

/ 

with the letter f it le possible, however, to nake one and tho sane set 

/ 

qt commutators serve both as oontrol cosnmtatorn and suhetitut ion eon- 

i ’ 

Wt^ere, there being provided aseoeiatod Maas designed to keep the com 

1 i 

jkrdl functions elsetrloally separate fren the substitution facet lens* 

>,t i 

/ / 

/ The several different embodiments of the invention and tho 

> / 1 

f , codec of operation of the various feme are explained in thle specifics* 
/ 'tlon In detail sufficient for comprehension by those skilled In the art* 



j^d detonation is node in connect ion with the accompanying drawix^s. 



'in which i 



Fig* 1 It a schematic diagram of one simple embodiment In 



/ which there is Shown a first o t of easnVtori for perfomlng substi* 

/ ( tut ion function* and a second set ef somewhat differently constructed 

, eownut- tors for performing oontrol functions, together with the associated 

I 

/ r circuits and contacts for proper operation of the cryptograph | 



Fig* S Is a eehcnatic diagram of * set of ecaeantatmpd 

1 also designed tor performing control functions but in this once theme ■ 

<1 * . * 
/ eommnta^ors are slnilar in eonctrwction to the substitution ooamntatefhl^f 



/ 
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fig . ! lia schematic diagr mb of another embod latent in which a 
single set of double-ring commutators of novel construction performs 
hath functions of substitution end control j 

fig. 4 show* « perspective view of one of theso double -ri^f 
eomtatori j 

fig. 5 is n schematic diagram of another embodiment in which a 
set of double-ring' commutators is arranged with associated switching 
mechanism so nr to perform both functions of substitution and control, 
without the use of * reversing comrratntor t 

Fig. 1 it a eohematic diagram of another embodiment in which 
single-ring commutators are used for this purpose, one commutator 
being a reversing commutator j and 

fig. 7 is a schematic diagram of a modification of the form 
shown in Fig. §. 



Refer’ Ing now specifically to Fig. 1, elements designated by 
the moihere 1 to 4, inclusive, are substitution oemmutatore of the 
normal type hereinbefore da sari bed, in which there lea single ring of twenty- 
• 13 ' < contact! on eeeh faoe, the contacts on one face being connected 
irregularly to the contacts on the other face. Commutator 5 is also 
a substitution commutator, but differs from tbs others in that only 
one face of the commutator boars a ring of eontaots, the latter contents 

7 
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interconnected irregularly In pair** A current ente m* one 
contact of the single ring ef contacts 1. merely carried along- a* ln - 
•mated conductor to com other contact, fro* which it mmrgm, trwm 
the eommutator. In other vorde the current eatere the commutator 
at one eonVct and lento* It at another, on tha tame face of the 
coammt'itor. Thi. it a emmsutator ef the type referred to above u a 
wtcrelnir commutator. Commutator. 6, T and 8 am control oommtatore 
of which 7 and 8 are eimllar In principle to substitution nnnamla 
tore l to 4, except that they hate only a lx eontaete instead of twenty- 
•lx In a ring on each facet commutator 8 is a reversing comsutater 
and i. similar in principle to reversing commutator 6, exc.pt that it 
hae only six contact, inetead of twenty-six. 

Min substitution commutators are mounted upon a common shaft 
20 uoon w' lch they may he independently angularly displaced stepwise 
l/26 of & retolu* ion, between fixed end plate 301 and henring plate 
SOS, the latter serving merely as a retaining plate and having no con- 
tact. or conductors *1 thin it. The commutator, arc separated by find 
plate. 30£, 306, SOT, and 308 which hear rings of twenty-air contacts 

suitably disposed for bridging between successive commutators, in order 

\ 

to provide for electrical continuity from one eemmutator to its next 
adjacent one. The contacts in these separator plates are ball-bearing 
spring contacts exerting sufficient outward pressure to insure good con- 
tact. The control commutators -re mounted upon the same common shaft 80 

l 

. \ 

upon witch they m-y likewise be angularly displaced stepwise 1/6 of a ^ 
revolution, between fixed end plat. 304 and bearing plate 303, the 
latter serving merely a. a retaining plate, lumernls 309 and 310 des- 
ignate separators similar in construction and function to separators 
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205 to 2'8, except thst tney have rings of tut six contact*. The 
motion of the three control commutator* ie meter-like, commutator 8 
toeing moved l/]^ of a revolution for each character/clphered, com- 
mutator 7 toeing moved l/S of a revolution per Couplet* revolution 
oi commutator 6, and commutater 6 toeing moved l/6 of a revolution per 
complete revolution oi commute tpr ?• 'this set of three commutator* ha* 

• complete period (return to an initial position) of 218 ; that ie, 
after 216 character* have toeen enciphered or deciphered the commutator* 
return te their initial relative rotatory positions, '.Tie means for 
moving these commutators mill toe described presently. The numeral* 

9, 10, 11, 12, and 13 designate suvnbt e, here termed eubetitution- 
c a n s u ta tor selector magneto, which when energised, determine which of 
the at$«tltutian commutators 1, 2, 2,4 and 5 are angularly displaced, 
either to* acting directly on tie commutators or toy releasing an actuat- 
ing mechanism which acts directly on the commutators. Humeral* 14 and 
15 designate two of a set of twenty- six. indicating devices * tch as glow 
lamp* or magnets for operating a printing mechanism, such indicating 
devices toeing well known in the art. Each indicating device corresponds 
to a letter of the English alphabet. Humeral s 18 and 19 designate two 

i 

of a set of twenty-six single-pole, double-throw switch levers operated 
toy the keys of a typewriter keyboard, 'he keyboard ie alio provided with 
a universal bir 44, which controls switch lever 17, the funot ions of whldt 
w 11 toe described later, and it also controls switch lever 117 and contact 
45, which control magnet 31, the latter serving to diepl ace commutater 8 
one step per depression of any key of the keylAard. "hen commutator 8 



9 
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atkil a aoraplate revolution, It closes oont&ot 9 £ which controls 
magnet 33, the latter serving to displace commutstor 7 one stop 
per § dapreeslo vc of keys on the keyboard* when commutator 7 
■TiAkee n complete revolution It aloeco contact 34 which controls magnet 
35, the lat'er serving to displace commutator 5 one step no r twenty-six 
deoressionr of tho keys of the key-board. Contact* 38 and 34 arc operat- 
ed by rollers on taring lever a. Thee# rollers normally ride upon the 
peripheries of eonmtatorc 7 and 8, but at a certain point on each commutator 
there is a transverse slot which allows the roller to drop sufficiently 
to close too contact eonesraed* Of course, these three commutators 
could be d l enlaced nee .anlcally, hy moans s f ratchets end peels and 
direct control froc the universal bar of the keyboard. To the right 
in fig. 1 is shown an end adds elevation of fixed end plate 20* which 
adjoins control commutator 8 on the exit fees of the eonmatatsr. The 
whole lines show the conductors lending away from the six contacts an the 
right side of the end plate 304; the dotted lines show the conductors 
leading from the left side ef end plats 804 into oowwutnter 8. 

laving nos particular reference to Fig* 1, with a vise 
to giving * complete description ef the action of this font of the inven- 
tion, tho sequence of events which transpire during the encipherment of 
tho plain-text letters will be related in detail. In order to encipher 
a asssage, it le necessary first to mount the eommutntors upon the Shaft 
according to same prearranged order, it being obvious that eeasatatore 




1, 2, 3, and 4 urn y be intprchangsd In position uone thinwlm, and 
eounutators 7 and B m ay to in* erehangedj nn— atwtoy 6 and 6 nut 
rsaaln in the positions shown, since they are reversing canon? R.tora 
and cannot he replaced by the other cousotatore or hy each other. 

Next it le neceeeary to align the several comntators, as regards 
their relsttve rotatory positions upon the shaft, ae cording to a pro- 
arranged key. After all this has hsen accomplished, main power soiteh 
36 Is closed, setting up a circuit ae follows t from tottery 16 to closed 
switch 36, conductor 61, contact lever 17, eloeed contact 21, conductor 
26, contact 27 on the fixed end plate 304, Into, through, and out of 
the control eosemtator unit via the route through 6, 310, 7, 3 Of, 

6, 309, 7, 310, 6 as indicated to contact 28, thence along eendtnter 
38 to selector nagnet 10, conductor 43 and hack to tottery 16. When nagact 
10 is aon en tarlly energised it causes substitution comsufe.tor 4 to he 
displaced angularly through l/26th of a revolution. The Machine la now 
ready for enciphering* if the letter ‘ is to he enciphered, the tafgr 
corr s bonding thereto is depressed. At the beginning of its downward 
travel the universal bar 44 causes contact lever 17 te novo away free 
contact 21* The key bar A causes contact lever IB to break contact at 
46 and to isake contact at £2, setting up * eire ilt a* follows t Proa 
tottery 16 along oondustor 23 to closed contact 22, contact lever If aad 
conductor 24 to a contact 29 in >*nd plate 301, thence Into sutotltutie* 
conrmtF* tor 1, through the conantotore and senar tors 1, 306, 2, 806, 3, 307, 
4, 308 Into and ont of reversing c o — stator 6, b*>ck through separators and 
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commutator* .',08, 4, ^07, ?, >*06, 2, 206, 1, out at contact 30, 

return along conductor 25 to contact lever 18, contact 47, thence to 
Indicating device 14, which in this dreeing correspond* to the letter 
Q, conductor 48, and beak to battery 16. /t the end of the downward 
travel of the universal bar 44, t~.e latter moves switch lever 117 
and closer contact 48, momentarily clofinr "be circuit for energising 
magnet 31. This causes control commutator 8 to be angularly displaced 
through l/6 of a revolution. When key A is released, 'he universal bar 
44 Is ret' >-ned to it* normal position by a retractile spring and contact 
lever 17 returns to contact 21, reestablishing the elrowit from battery 16, 
switch 36, lower 17, contact 21, conductor 26 to contact 27 of fixed end 
plate 804. Due to the angular displacement of control cosmrottor 8 the 
current will now traverse a new path through the control alt and back t# 
some other contact of end plate 304 from whs no# it passes through one of 
the selector magnets 9 - 13, to battery 16, causing oas of the substitution 
eossmttors to be displaced, and thus providing a new substitution alphabet 
for t-.c encipherment of the next plain-text letter. 

The deciphering operation of this machine is the s*uns a* the 
enciphering operation, the enciphering-deciphering relationship being by 
nature reciprocal. In setting the machine for deciphering, the same pro- 
cedure is followed as for enciphering 1 that is, the commutators are 
arranged and aligned at the bench marie according to the prearranged key 
and switch 36 ie closed, whereupon substitution commutator 4 is angularly 
displaced as hereinbefore described. The key corresponding to the cipher 
lwttwr Q is depressed, which causes contact lever 19 to break contact 
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at 47 raid to make contact at 42 causing currant to flea from tatter? 

16 through conductor Z5' w alaaad contact 42 # contact laser 19 and 
conductor 26 to contact 30 on and plate 301 of the substitution 
commutator unit* ’The current pastes into and through the latter along 
one path ar-d returns along another oath as described before J It emerges 
at contact 29 on end plata 301 »rd floes along conductor 24 to contaet 
laser 18, closed contact 46, to indie* ting deslee 16, which corresponds 
to t'.e letter A. 'The unisersal bar 44, operated hg the depression of the 
key corresponding to the latter Q elos e oontaet 45 at the and of its 
downward trr sel and eauaee control commute tor 6 to advance. When the 
key corresponding to the letter Q is released, the nnlseraal her 44 
retnrna to ite no ratal position, causing contaet lesar 17 to reestablish 
eontaot at 21 thereupon causing a aubatitutlon eoanut*tor to move forward, 
as described. 



In Fig. 1 the control commutators were provided with rings of but 
•lx contact surfaces on aaeh face, whereas the enbetltution commutators 
were provided with ringB of twenty- six oontaet surfaces. There is, however, 
no reason why the substitution ‘-ad the control commutators should not be 
identical in this regard, thus providing for their Interohangeabilitj and 
gxeatly increasing the keying possibilities of the cryptograph. 

In fig. ? ve chs>wn h .uw t^e homologous elements of 
fig. 1 may ba modified to accomplish this effect. End plate 304 and the 
commutators 6, 7, 6 now bear ring* of twenty-six contacts instead ef 

13 
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ring* of only six contacts. Contact 2? r%talnr a tingle contact for 
the entrance of the current into the control commutators leaving 
twenty-five contacts on end flat# SO* for the Mergence of the our rent 
froa the control commutators. These twenty-five contacts are thon 
Joined in five eete of five contacts each, to the five conductor* 

37, 56, 59, 40 and 41. Other groupings in respect to the numbers 
arfl identities of contacts const it^t inf; eaob of the five groups nay 
h preferable, or this nay he euhjeet to variation, according to a key. 



The arrangement shown in Fig. 2 pro video a secueaee of 
keying impairs* which will not begin to repeat until control eosemtetor 
6 has made a complete revolution, or after EtxKati - 17,676 
depressions of the universal bar, corr» sending to the encipherment 
of exactly 17,576 letters of plain-text. Due *o the Irregular manner 
In wh.eh the internal connections of the control c ©Mutators are node, 
the substitution commutators will be caused to ro *ate through unequal 
angles, so that whan the second cycle of the control commutator unit 
le begun, the alignment of the substitution commutators will differ from 
its initial alignment. As a consequence of this new alignesnt of the 
substitution commutators the period of the sequence of selection of 
substitution alphabets will be greater than 17,676 by some multiple 
of that noeher, depending upon the wiring of the three control os— Ut at e rm 
and the manner in which the contacts of end plate 804 are oonaseted to 
the selector magnets. This substitution period is therefore one of tre*» 

■> 

mead ©us length. 
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A third fora of the Invention i* schematically depleted in 
fifnri S. from a cryptographic standpoint the es cent Lai difference 
he tween this fora and the first described font lies in the utilisation 
Of a single ccuautator unit, which serves both at a Substitution oenmtater 
unit and r~t a control coemtator unit, the two functions being performed 
by Independent, concentric ring* of contacts home ea the eene eoaeutatora. 

In fig. 4 there Is shorn e side Ties of one such eonasutato r. In this 
figure there is or ewb faoe of the cosraatater ea outer ring of twenty** 
sin equidistant contacts, ef which, for the sake of clarity, only six 
indicated by nueeral 48 ere shown, nrd a concentric inner ring also of 
twenty-six equidistant oontaots of which only six Indian ted by mmernl 
49 are shown* 'Ihe contacts 48 of the outer ring on one faoe are irregularly 

V * 

connected by insula tad conductors fO to the oontaots 148 of the outer ring 
on the other face* Similarly the contacts 49 of the Umar ring on one faoe 
ore irregularly connected by insulated conductors 180 to the contacts 149 
of the inner ring on the ether f*oe of the roomtater* The two rings 
are therefore entirely independent of eeeh other, though they ere both 
serried on the swae oonnutator. Commutators of thia type will hereinafter 
he tamed double-ring eoneutstors* 

Safsrewe is now made to Fig* Z in which this embodiment of 
the invention ie also shown Merely in sohenatlo font. ‘The numerals 
1 'JI, ios. 105, 104 find 108 designate double-ring eowmtators s oo ste d 
on a oowaon shaft S®, separated by separators 808, 906, 807, and 806* 

Moans arc crowided to eauso the comnut^tors to bo closely pressed ag ai ns t - 



✓ 
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the separr tor* so that poiltiva electrical e« mtaet may be »ate between 
adjoining comutators and separators and between eonmatater lGd and 
end plate 301. * side elevation of end plate 301 is depicted at the 

left in figure 3, showing the connections between the contacts thereon 
and the selector magnets 9, 10, 11, 12, and 15« The dotted lias through 
the eonmntntors 101 to 106 indicates tbs path of the current through 
the inner rings of contacts while the continuous line marks the path 
through t he outer ring of oontaote* 

The sequence of a rent 9 during the encipherment of a letter 
is as follows : When main switch 36 is closed, at. the casmenoenent of 

operation, a circuit la set tip as follows i Frost battery 16 through 
closed main switch 36, conductor 61, contact lever 17, eloeed contact 
21, conductor 26, inner-ring contact 127 of end plate 301, into ccmnmtatars 
101 to 105 and out of then along broken-lias path to another inner-ring 
contact 128 of end plate 301, thence along conductor 36, through selector 
magnet 10, along conductor 43, back to battery 16* When selector magnet 
10 is momentarily energised it causes coismutntor 104 v to hs angularly 
displaced l/2& of '1 revolution, thus setting p a path through the commuta- 
tors for enciphering the first letter, say letter 4* ’’hen key A is depres- 
sed, universal bar 44 is caused to move downward, moving contact lever 17 
away from contact 21 and allowing current to pace from battery 16 along 
conductor 23, through closed contact 22, contact lever 18, conductor 24, 
octer-rlnjp contact 29 of end plate 301, into the commutators through which 
it fellows the continuous line and returns via outer-ring contact 30 of cm* 
plate 301, conductor 2£, contact lower 19, cloned contact 47 to indicating 
device 14, conductor 48 and baok to battery 16. After the letter Q eorree- 
ponding to indicating device 14, has been recorded, key A is released and 
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breaks contact at 22, at the same time allowing universal bar 44 to 
return to its normal ooeition. When universal bar 44 returns to its 
normal position contact 21 is olosed reestablishing * circuit through the 
inner-ring contacts of the c o m mu tators. But commutator 104 having beam 
displaced on entirely am path through the commutators is now available 
for enciphering the letter A, If it is again to bo enciphered. 

The decipherment of the letter Q takes place in an anal- 
ogous manner. The machine having been reset to the boy, the closing of 
main switch 34 as before oausee a current to flow through one of the 
inner-ring contacts to selector magnet 10, moving commutator 103 one 
step forward. ZJaprassion if key Q establishes a cireuit as follows r 
battsry 16, dosed switch 36, conductor 23, closed contact 42 , oowtact 
lever 19, conductor 2S, outer-ring contact 30, thence along the con- 
tinuous line into, through and back through the commutators, emesgiqg at 
outer-ring contact 29, conductor 24, Contact lever IS, domed contact 
46, Indicating device 13, corresponding to the letter A, Conductor 43, 
back to battery 16. then ksy Q is rsleased, universal bar 44 returns to 
its normal position and again a circuit is established through the Inner- 
ring contact* of the commutators. But since commutator 103 has boon displaced, 

t 

a new path is now available for deciphering the letter Q If the Q key is again 
depressed. 

The period of the sequence of alphabet selection produced by tbtm 

* » 'sT 

arrangement is variable and will depend upon four variable factors, namely 
fl) the wiring of the inner rings of contacts- of the double-ring commutators; 
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(g) the horizontal permutation of these commutators on the shaft j 
(5) the alignment of the commutators and (4) the manner in which the 
inner ring of contacts on end plate 301 are connected to the selector 
magnets. 



In Fig. 5 the invention as regards double-ring commutators 
to perform substitution and control functions ip embodied in a crypto- 
graph of the first category as briefly described in general terns in the 
first part of this specification. It will be recalled that in cryptographs 
of this category, there are two end plates of identical construction and a 
reversing switch which, when set in the enciphering position, connects the 
switches of the key-board to the contacts of one of the end plates, say 
the right-end plate, and the indicating devices are connected to the contacts 
of the other end plate, say the left-end plate ; while when set in the de- 
ciphering position, the reversing switch reverses the order of connections 
between the switches of the keyboard, contacts of the end plates, and the 
indicating devices, so that the keyboard switches are now connected to the 
left-end plate and the indicating devices are connected to the right end 
plate* 



Accordingly in Fig* & there is shown a keyboard 62, a 
hank of indicating devices £3, a left end plate 301, ®, right end plate 302, 
and a reversing switch 54, together with other parts homologous to those bhown 
in the preceding figures. Only certain of the keys of the keyboard and 
certain of the indicating devices of the bank of indicating devices are 
shown in circuit relationship, it being understood that the remaining keys 
and indicating devices are connected in homologous manner* 

18 
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Assuming that 11 m cryptograph is lo be operated for enciphering, 
ilia twitch 54 la sat to enciphering poeition, which err ar gee for circuit 
continuity -along the continuous lines 65 to 56. The main switch 25 la 
now closed and a circuit ia established aa follows * Battery 16, aloaad 
switch 86, conductor £8, uni re real bar ewltch lever 17, closed contact 21, 
conductor Zb, inner-ring contact 127 of rirht and plats 302, through 
tbs commutator unit, to inner-ring contact 12* of left end plats 801, 



conductor 38, selector magnet 10, conductor 48 back to battery 16* Con* 
mutator 104 la angularly displaced one step. Say A la now depressed* 

The circuit throng* the inner-ring of contacts of tbs commutators is nos 

< 

broken, as universal bar 44 breaks tha contact at 21. At the sane time * 



broken, aa universal bar 44 breaks tha contact at 21. At tha sane tins * 
circuit la established through tha outer-ring of contacts of the c o m 
mutators as follows t Battery 14, closed switch 86, oonduotor 28, o on tact 
laser 18 operated by key A, closed contact 22, conductor 24, throng* 
tha reversing switch 54 along oonduotor 56, conductor 224, outer-ring 
contact 29 of right and plate 80S, Into and through eosnutator* 105, 104, 105, 
102, 101, via their outer-ring oontaota, an outer-ring contact 229 of left 
and plate 801, oonduotor 248 to the reversing switch 54 through the latter 
along oonduotor 58, thence along conductor 843, indicating devtee 14, cor- 
responding to toe lett-.r Q, conductor 42 to battery lb* y hen key A is 
released, universal bar 44 returns to Its normal position, reestablishing 
contact at 21. Again a current flows through the inner ring contacts of 
the nnswmutnrii. entering at contact 29 but now emerging at none mentamft <* 

*» 

Other than 128 on left end plate SOI, since commutator 104 has bee* die- ; 
placed. A selector magnet Is energised, and a new path is sst 19 few the 
passage Of the next enciphering current if t is again depressed* • 



/ 
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In order to effect decipherment, the reversing witch 64 met 
he eet for the deciphering function. Title can see the paths throng the 
reversing switch 64 to follow eloag the dotted lines inetead of along the 
oontlauoue liner. She operation boned lately subsequent to closing main 
cwlteh 54 ie now exactly the sane as before, when the encipherment of letter 
A was described. This le because the circuits to the selector magneto are 
associated with the inner-ring contact# of the neonate tors, and these con- 
tacts are not connected to any of the oontaots In the reversing switch 54» 

In the first enciphering operation, the letter J was enciphered by Q. 

The decipherment of Q will now bo followed. Depressing the Q key cavsee 
universal bar 44 to break the circuit at 21, ae before, but the substitution 
circuit is now partly different from what it was when key A was depressed in 
encipherment. The circuit is nos as follows < Battery 16, cl seed switch 36, 
conductor 23, contnot lever 19, closed oontaet 42, conductor 25, through 
reversing switch 64 along dotted path 267, conductor 243, outer ring contact 
229 of left end plate 301, through the outer-ring contaots of the eonoratatere 
to an outer ring contact 29 o' right end plate 302, conductor 224 , t hrou gh 
reversing switch 64 along dotted path 256, conductor 226, indicating device 
A, cona ctor 43, to battery 16. Thun 4 la cipher yields A in plain language. 

A fifth embodiment of the invention utilizes single-ring eosmut store 
to serve both ae substitution ooswmtatore and control commutators by means of 
• gaadf switch of twooty-six contacts inserted in the circuits through the 
eonsratators. Figure 6 shows a softs mat 1c diagram of this form Of the Inven- 
tion. 



:o 
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Having non particular reference to Figure 6, with the exception 
of the gang switch and relay* which will be As worthed presently, the 
elements shown therein are similar in ooastnaetlon end function to the 
eorree' i 'wd-' #; olo-aer.te shown in ‘.he precedi nr figures* Gang switch 86 
is merely a device for breaking one complete set of twenty-six contacts 
eJjsult r aeoualy and nt the ea.ie tine asking another set of tventy->Bix 
eontnets el ul’oneouslj. it is operated by Magnet 83 and associated 
relate* ‘ho set ion of this fora of the invention la as follows t At 
the beginning of operation, switch 36 is closed, setting up clroultw 
through relays 113 and 116, as follows s battery 16, conductors 83, 

111, switch lever IT, closed contact 72, conductor 118, relays 113 and 
116, conductor 186, to battery 16, Belays 113 and 116 are energised, 
causing ar-aturos 80 and 108 to establish contact at 81 and 108, res- 
pectively. By aeenw of a Mechanical looking arrangement, ones armature 
80 has been attracted by relay 113 the contact established at 81 is looked 
until released by the action of relay 68 j similarly when arm tore 108 of 
relay 116 has been looked into oontaet position at 109, it stays locked 
until relay 110 is energised. Consequently, although contact 78 must 
he closed 2n order to establish contact at 81 and 109, after the latter 
oontacts have been established they will regain so even if contact 78 is 
broken oy depressing universal bar 66. Vhen key A is depressed universal 
bar 46 causes contact lever 17 to mat-# contact with contact 21, Mttiig 
up the following circuit | frou source of pow r 16 through conductors 2S, 
111 and contact lever 17, to closed oontaet 21 through conductor 79 ani 
looked lever 80 of relay 113 to contact 01, thence through eondnoter 88 
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through gang-switch Mgwt 88 end conductor* 116, 124 tack to s o u rce of 
power 1% When gang-switch magnet 83 1* energised, armature 88 ic 
attracted, causing gaag-ewitoh 8f to disengage a lover set of twont y - a lx 
contacts and to engage aa upper set of twenty-six contact*. Switch 
levers 88. 188. 888. 388. 488 and 886 are fire of the set of twenty-sis 
•wit oh levers controlled lgr g^ng switch 68} contacts 90. 190. 290. 890. 

490 and 690 are five of the sot of twenty-alx lower contacts controlled 
by thii switch levers of the gang switch 88. contacts 91. 191. 291. 89k. 

491 and 691 are five of the set of twenty-air upper contacts controlled 

by the switch lever* of the gang switch 88. Referring te contacts 91 and 
191. which have been elosed by energising gang-switch magnet 85 ae noted 
aeon, there la art tip a ei remit aa follows t from souroc of power id 
through conductor 88 to oloeod contact 48. ( the key A still belxg 
doprasaad ) through contact lever 18 and conductor 119 to closed contact 
91. through contact lover 88. and oonduotor 76 to a contact 29 on and 
plato 301. eaemutaters and separators 1. 306 . 2. 306. 8. SOT. 4. 306. and 
8. Commutator S it a revere .ng commutator, and t erefore, the current 
goes book through the ooanutitor* and saps rotors S. 806, 4. 907. 3. 806. 

2. 306. 1. and returns to and plate 901. cnesglsg at contact 80 on end 
plato 801} theaoe along oonduotor 84 and contact lover 188 to dosed 
contact 191. through conductor 93. contact lever :9. closed contact 42 
dong conductor 121. to Indicating da vies 14. thence along conductor 48 

to relay ruigutt 68 and back along conductor 77 to battery 16. 

Vhwti indicating device 14 i* energised, a type tar ia caused 
Mane not ehovu to print the letter which is the cipher equivalent 



./ 
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of the plain-text letter A* 9Jms relay magnet 68 le energised, 
contact lever 80 direng*gee oontact il and engages contact 100, 
deenergising switch control magnet 88, and allowing gang switch 
86 to disengage the upper set of twenty-six contacts, among which are 
contacts 91 and 191, and engage the lower set of twenty-six contacts, 
among which *r# 90 and 190* This sets vp a circuit as follows * 
battery 16, conductors 22 and 111, universal-bar contact lever 17, 
closed contact 21, conductor 79, contact lever 80, contact *100, 
conductor 122, selector aagaet 12, conductor 108, closed oontact 
190, contact lever 188, conductor 84, contact 30 on end plate 301, to, 
through and back thro -gh ooamtators 1 to 5, contact 29, conductor 76, 
contact lever 88, closed contact 90, conductor 107, contact lever 108, 
closed contact 109, relay magnet 110, conductors 123 and 124, hack to 
battery 16* 

Vfcen selector magnet 12 is energised, eonmutator 1 is 
angularly displaced throng l/26tb of a revolution, and a new set of 
circuits is formed in the commutator unit. Relay magnet 110 having been 
energised, contact lever 108 is caused to diseng»g* contact 109. 7bi* 
breaks the circuit through the selector magneto and prevents energising 
selector magnet IS a second tine. Vo further action of any part oam 
take place until the two relays 112 and 114 arc again actuated. This 
hapi>e<'is wf.en key A is r» leased, wMch establishes a circuit as follow* t 
battery 16, conductors 23 and 111, contact levwr 17, closed contact 72, 
conductor Hi , magnets 118 and 114, back to battery 16. A* explained 
above, armatures 80 an<< U8 > re looked in contac t ma k ing position* 
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at 81 and 109 until another key of the keyboard is depressed, causing 
the devise to operate in the same newer as hereinbefore described. 

A sixth embodiment of this invent lob is shown in Fit'. 7. Xn 
this form of ’ > e invention use is mads of single ring commutators vhieh 
serve both as substitution eomatotors and oontrol commutators in ooa- 
neetien with a gang switch of 24 contacts operated by a universal her* 

Having now particular reference to Fig* 7, the elements shown 
therein are similar in construction and function to the corresponding 
elemente ehown in the preceding figure. In this embodiment of the in- 
vention, gang switch 85 is so constructed that when any key is depressed 
and universal bar 44 is actuated, ewite levers 84, 168, 288, eto«, die- 

i 

\ 

engage contacts 90, 190, 290, etc., respectively, and engage contacts 

V 

t 

91, 191, 291, eto. respectively. The operation of thie form of the 

i 

invention is as follows : -hen a message is to be enciphered, commutators 

1, 2, i, and 5 are all ned to a prearranged key and switch 36 is V 
closed, setting up a oircuit as follows i Battery 16 through switch 36, 
conductor 107, a on tact 90, contact lover 88, conductor 84 te contact 29 
of end plate 301. through commutators 1, 2 , 3, and 4 to commutator 5 which 
directs the c.rrent beck through commutators 4, 3, 2, and 1 to contact 
20a of end piste 301, through conductor 284 to contact lever 288, oontaot 
290, conductor 106 to control .aagnet 13 and thenoe hack to battery 16. 

Then control magnet 13 is energised, commutator 1 ie rots ted through l/26tb 
of a revolution; setting up a new set of circuits through the cipher 
wheels. The device is now ready for enciphering the first letter of the 
message * If this letter ie the letter A, ine key corresponding te it it 

i 

depressed, s ,d the contact levers of gang-switch 85 arc caused te dis- 
engage the lower set of twenty-six contacts and engage the upper set 
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of twenty-six contact* lotting up a circuit a* follows t from tatter; 

16 through conductor S3 to contaot 46, contact lever 18, eontaet 91, 
contact lever 68, conductor 84 to contact 29, through and return through 
comutKtori 1 to S *o eontaet 30, conductor 184, eontaet lover 188, 
eontaet 191, conductor 93 to contest lever 19, eontaet 42, conductor 
121 to indicating device 14 which oornarpondl to the letter Q, conductor 
43, switch J6 *o Battery 16. fter the letter Q le noted, k ey A ii re- 
leased, allowing the contact levers of gang twitch 85 to disengage the 
upper set ef twenty-six contacts and engage the lever set of twenty-els 
contacts. *t the Instant when contact lovers 88 and 188 heth engage 
contacts 90 and 190 respectively, a circuit is set up ae follows • 

Battery 16 through switch 36 , conductor 107, contact 90 , contact Iwvwr 
68, conductor 84 to eontaet 29 of cad plate 301, through caewutators 
1, 2, 3 and 4 to c o - ra t* tor 6 which directs the current hack through 
commutators 4, 3 , 2 and 1 to contact 30 of and plate 301, through conductor 
184 to contaot lever 188, contact 190, conductor 106 to control —gust 
13 and thence hack to Battery 16. Mien control aagnet 13 is again ener- 
gised, commutator 1 is again rotated through l/26th of a revolution end 
again a new set of circuits is set up in the coanutator units. The device 
le now ready for enciphering the second letter of the sassage. 

In the foregoing description ws h'va restricted the explanation 
to eases of individualised or single displace— ate of the euhetltatien 
•—mutators. There is, however, no reason why theee eons rotators way not 
he displaced in groups of 1, 2, 8 according to the specific circuit 
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arrangement* a*.d displacement wecrhanlMa* establ Lshed for the purpose, 
to explain how this e« he accomplished, we will refer again first to 
fig. 2 and *nan to ^ig, 1. In the dicoasslan concerning Pig. 2 we hews 
said « "These twenty-fire eontaets are then Joined In five sets of fire 
contacts each, to the fire conduct ore 37, 3d, ?.$, 40, and 41 u • In Fig. I 
these conductors <17, 28, 38, 40 and 41 lead to the respective Magnate 8, 

10, 11, 12 and 13. But now suppose that the nrraqgonmt of eontaote <m 
end plate 304 and the conductors leading fro* thie plate to these asgnete 
ie such that, instead of a gronpetee combination of the eontaote connected 
to a single conductor, a current eenrglng from one specific contact oontrole 
the operation of two mr t rn*ie, 9 and 10 for exa^iei that forging fron 
another specific contact oontrole the operation of three na&iets, 10, 12 
and 12, for example, and so on. Thus it will ba readily apparent that 
with twenty-fire contacts it is possible to provide for group or pe mutative 
displacements of the ocenntators 1, 2, 3, 4, and 6. In fact, with fire 
commutators there are thirty-one poricutative displacements possible j since 
in fig. 2 there are twenty-five contacts on plate 204, arrangements way he 
aade so that 23 of the 31 displacements can he represented. But if it were 
desired to have all thirty-one pencut^Uvs displacement# available. It 
would merely be necessary to have the commit', tora 6, 7, and 8 and their 
associated end platws 303 and 204 comprise set* of thirty-two eontaets 
instead of only six, a# is shown In Fig. 1, or twenty-six, as Is shown In 
fig. 2. 



Instead of a system of permit -.tire displacements by single steps 
cue could arrive for individualised displacements of 1, 2, 3, 4, or 3 
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•tape at a tins j and, iaataad of a ion of singlo-stop, lndlldnallMd 
nngalar displacaaont of tbo ooamtatoro, it is powltl* to nrruga for 
plur&l-Bt«p, pernatatiro, angular displaomenta of tha eomout&tora, ?ho 
flaxiMlity of the system in this regard la thua quit# apparant* 



8f 
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• claim t - 



1. la a crypto raph, n net of cta ranter element* constituting 
e keyboard, and a set of indicati;*: elements, said element* toeing elec- 
trically interrelated ; means comprising a series of snitching devices te 
establish cryptographic relationships between said sets of eleaeote ) 
oiui neans to ebus* sain switching dsviews to perform cryptographic sub- 
stitution functions and crypt ogr rnic control functions. 

S. Xr t cryptograph, a e t of character elsrer.tr constituting a 
key i oard, and a set of indicating elements, said ssts of elements toeing 
sleotrically interrelated j means conpririnr a eerie to of coemutators to 
establish cryptographic relationshipr between said sets of elements j 
mesne to c>r*r e "aid commit si ora to perform cryp+ogranhic substitution 
function; '-.no cryptographic .control functions } and displacement aeohaa- 
isos to effect displacement r of the ooamutators when performing substitution 
functions, said mechanisms being electrloally controlled by said commit* tors 
when performing control functions. 

3. In a cryptograph, a keyboard comprising character elements, 
and a plurality of signaling devices, said elements and said devices being 
electrically interrelated; means for establishing cryptographic relations 
between said devices and said elements, said means including a first set of 
commutators for performing' orypt<vmphie substitution functions, and a second 
set of commutators for performing cryptographic control functions. 
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4* *-n apparatus as claimed in a lain S, in which homologous 

eomaut"-tar* era interchangeable* 

F. -n apparatus me claimed in claim Z t in which maid —oust 
Mt of eeemutatcrs oontrelsthi operation of the first Mt of oonwntatom. 

6. in a orvpto<fr»idi, a keyboard comprising a oat of character 
el aments ami a eat of signaling devices | maana comprising a act of sub- 
stitution coianut .toro for eaVbl ishing opartiT* cryptographic relation* 
between the amid character « lament b and aaid signaling daviree | Ai«)lut> 
»«nt mechanisms to affaet angular displacements of the substitution ooa- 
nut <**oro ; and moans inti ding a oat of control commutator* for controlling 
taa dlTplBoer.mnt me ch anism*. 

7. In a cryptograph, a apt of character o lament * constitut- 
ing a keyboard and a oat of signaling dariee* oloatrieally interrelated 
with aaio elements ; naan* for establishing operative cryptographic re- 
lations between aaid devices and aaid elements, including a cat of Cipher* 
ing oonmtit^orB j end means to affaet the angular displacements of oald 
• comm 1 tors, including a act of control cowanr store adapted to affect 
the di»*<l»n«»raent operations individually. 

8. In t- crypto, raph, a act of character elements constitut- 
ing « keyboard, and a eat of signalling devices clootrioally interrelated 
therewith ; meant far establlrhlnr cryptographic relatione between said 
elements and said devices, including a set of ciphering commutator* j dis- 
pl acemen t mechanises to offset the angclar displacements of said commutators 




nnu nMininxi to control the said nmchanlat* oonprisin# r Mt of control 
convitKtors ndaptsd to net upon said neehfu.lsais lallvUwllyi 

>• In ft cryptograph, a set of character elonents con- 
stituting a keyboard, ftnd Indie ft t tng devices lx cleetr leal oo— nnteatioa 
with amid elenents j ne&ne comprising a single sot of ccanutatoro to 
e»t r bii*h operative cryptographic relations between aoid devices And **14 
elements, including electrical means to crom the nuw sot of cowsutators 
to porfora both cryptograph io substitution nxd cryptographic control func- 
tions* 



10. In A cryptography a sot of e hr. rector elements constitut- 
ing a keyboard, and indies ting device* in electrical eo— Rwieation with 
seid element* % msans to establish cryptograph Ur relationships between 
said device* end said el**eati, comprising a sot of o o nwa tfttore i SOARS 
to vary said nUMonAlpi) and wmsi to cases the ho* set of oa— xtntors 
to per font both crypt ogruphic substitution end cryptographic control func- 
tions* 



11. In a cryptograph, a sot of character elements opart itut~ 
lag a keyboard, and indicating do vices in electrical eoanunlc^tlon with 
sold elements | means to esteblish cryutogr-phie relationships between 
•aid devices end *nt« elements, comprising a set of ea—utatore t nsane 
to vary said relationships | and news to cause the sane not of on— tetorp 
to ftrfm both cryptographic substitution end cryptographic control f— e- . 
tlono, said means including separate contacts and assoc 1 a tod eondnete— 
providing separate oloetrieal eh Anne Is through said bp— ml store. 
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12. In A cryptograph, a net of character •ler.itr.tr const; i*u ting 
• rx'j'ba' rr. t Initiating dsviean iv electrical eoaaaaloatlon with said 
elements ) as us to *at*bli»b cryptographic relationships between Mid 
device* sod Mid eleasnts, comprising s single s*t of emwmutntsrs | and 
■Mas to vary said nlsUonihi^i, Including electrical conductors sssoaistod 
with the commutator* to cause the imw sst to ptrfora both cryptograph Is 
substitution na d oryptogr phi© control functions, all commutators Ming 
interchangeable . 

13. In a cryptograph, a sst of character element* constitut- 
ing a )cs; hoard, and a sst of signaling; devices, said s laments and Mid 
dsvless being electrically interrelated i mans comprising a series of 
oowmti tors to establish crjotoer'rbie relationships between said elements 
and eei' ^a»>cee j ar.i mans to v< r,, said relationships, includliy; a 
plurality nf telf-oontrolled ciphering eoaoutatsrs arranged in on sends* 

14. An apparatas as elalaad in ths preceding claim, in which 
all cornu*' tors are latere ia area bio* 

IF. *n apparatus as claimed in Clain 13, in which homologous 
oomrsutators are interchangeable • 

16. In a cryptograph, a svt of e ha meter elements const ttut- 
Ing a keyboard, and a set of signaling dewless j assns to establish 
or^ptorr^phia relationships hstwssn said s laments and said dowisas, said 
moans including a plurality of eel f-oost rolled ciphering ©oMsataters pro- 
vided with a single sari©# of ring contacts j a ol remit ^ stem interc o nnect lug 
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••>14 iltunts *Hia acid devicsn, «u 2 a including said eonmtiitm j m a 
■***• ope^tlse with Mid olrc *1* djitsH m 4 Isolodlngf tlnitlR * switch 
MBhMtn to punlt the mm 8 0— ru.t wtort to alternately as 

Ciphering eoermUtors nnd no control oeanmtator*. 

If, In a eryptorraph, a keyboard comprising a set of 
character eloaants, and a act of signaling devisee* uld alonents and mid 
devices being electrically interrelated | mane for effect lad varying 
cryptographic relationships he Ween mid «l«mnte and said dewle as eon* 
pricing a plurality of angularly dlspla ac o h lo coemitators, eald o o—u totors 
boU? provided with a lUgl* aeries of ring contact* f dl spin ament 
nochAnlons operative to effect the angnlar displacement of eald ni—e 
to tore t and olmult mens laelnding a srltekiig laaohenion operative 
to amm the tana act of eontaotd to fwetlon alternately for purpoeee 
of cryptographic robot i tat Jon and cryptographic control* 

Id. In a cryptography » kayhenrd eonprising n act of 
character Aleaenta | a cat of signaling device* in alaetrloal relation 
with said elements i memo for effecting varying cryptographic relation* 
ships between said slemmt* and mid devices, including a plurality of 
•ngalarly dUplaoeahls eamntators provided with a do hie aerie* of rli* 
con Vets ; d Up foment mohanlscas operativs to effect angular dWpleae- 
nents of s«id coountatcrs j naans to provide cicatrical »*»— rn fltc 'Tfimagh 
one of the scrios of eontaetc to ea<?*s said eotrovtor* to perform An** 
tlona of cry ptor r*ph i«- substitution, and in sequential operation* of cal* 
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raechaniaraa to provide tlMtolntl chwrmal# throwgh t)w other of nil 
r ries o t coat*ct» to oans* nli eoanatatorf to perforn funs t ion » of 
eryptagrnphio control. 



19. Ii r ctyptnrraph, r. set of character sletsftnt* M»tittttli| 
n koyhotird, «nd n eat of indicnt inr elements, said ssts of el moats Wine 
electrically interrelated | neon* to establish end my cryptographic 
relationship* between a aid act a of alsaeat*, ml6 noons including: a sat 
of »elf-e oat rolled oosamtatora. 

20. An apparatus n# olaiwnd in iho preceding olo|n in which 
said oonaatotors ora arranged in oaooado. 



21. In o cryptograph, a sot of character alonsnta constituting 
a Keyboard, and a sat of indicating elenents, said alenati Wine electric- 
ally interrelated y neons to establish eryptegTapble relatione Wtveen said 

sets of elemnta, ewld neons ine inning a Plurality of #• l f-ermt rolled Pen- 

( 

natators arrwtgad in o asoa de, said eonsmtatora Wine In'anWpnils. 

K. In « cryptograph, a set of oharaeter clamant* coastitab- 
in e a keyboard, and a sot of Xnd looting dentate ; a circuit cysts* ojsem- 
tlTsly connecting said eats or elsiaents y naans to oetablieli cryptographic 
relationships between said seta of «le~i«nt*, In Iodine a plurality of self- 
eoattalled oonamtatore arranged in cascade y and snane including a eeitohi 
mechanics in said circuit system to coats said caarna tutors to funotlsn 
alternately aoth op ciphering Ooanntaters sad ad control oeantfetors. 
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23 , la * cryptograph, o oot of iliAiMtn olownto MMiltoi- 
tnf a keyboard , ttgd a nt of Indicating olononto, Mid elomwnto being 
Olootrienlly Intorrolattt | mono to establish cryptographic relation, 
ofelpo hetoeen said nets of elenent*, on!4 mom iae lading a plurality 
of eolf-cont rolled tOMUIsra } wi4 mu« to ««m enl4 — O t tteri 
to perfor* both cryptographic nbatltitloi f met lone and eqfytagnjtlff 
control sold mam inc Indiner concentric rings of ocnUota 

On tit * ebtoreo font *n4 a edrmopemllng motor of o< ncontri© rings of 
contact* on the nwrt fA«o of oneh c n o mt otor, «o4 conductor# nlf« 
oon.t«lno4 within «*eh cown«h*ter for connect lag the oootooto « tin ©b- 
seroo foeo with feanologou* odotnoto oa the reverse f*oo. 

24 * In a cryptograph, sot of ohameto* olononts eenotltttfc* 
li^ a keyboard, and a out ef Indicating el notate* void oioaonto feeing 
electrically interrelated i «Wil for of footing varying cryptegraphio 

i f ■> 

relationships ho too on Mid note of sleaents, oold mens iaoloding a 
twitching ooMMnttotor tearing two or ooro concentric rind* of contents 
on tho obverse t'<& m «o6 a eorretuenclnfc msabor of conoentrle ring* of 
contact c on tho resort# fsce* and cond actor* colf«<NmVlnod within each 
con-nut" tor and Arranged irregularly for compacting tho contact# on tho 
, obverse fnoo of aaoh cw utMor with homologous contact w on tho rasoree 
face* 

% 

24* In o cryptograph, n tot of Oh* motor ol«monto eoastitnt- 
i«g a key boor 4, and * rot of indicating olononts, said elements feting 
olorttrionlXy iatorrol«to4 ; mans for of footing varying cryptograph** 
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relationships between eaiu seta of tlementr, said means lncUtfiiv f 
reverting oomatator bearing two or sore eoneeittrie ring* of even 
numb era of contact* on one of lta faces, and. means for electrically 
coupling the individual contact* of eneh ring In ptlrs* 

26, la a cryptograph, a sat of rharaeter elements con- 
stituting a keyboard, and a set of Indicating • lament*, enid elements 
being electrically Interrelated ; means for effecting varying cryptograph*- 
lc relationships between eeid eete of elements, said means including • 
set of juxtaposed, double-rlng-centact switching commutators, one of 
the two rings of contact* performing c yptographlc sribatt trtlon functions, 
end the other of s n ld ring of contacts performing cryptographic control 
functions. 



27. In a cryptograph, a keyboard comprising character 
elements And corresponding signallim devices, said elements and said 
devices belru: electrically interrelated t means for varying the con- 
nections VUha raid eleven's and sale devisee for the purpose of 
effecting cryptographic operations, said mease inclnrtirwr a set of 
juxtaposed, rot^tsble elngle-rlng-contact switehin, cori'vutators mounted 
upon ( on> ,on shaft ; star.' itw mechnniwee for effecting angular displace- 
mente of *»ld eavent <> tor* beOfadbdsmdtty | and electrical lmntrvsaantniittee 
for controlling said stepping mechanisms whereby the seme nenwmrfinlsi % arc 
employed alternately for effecting cryptographic substitution ftnwticm* 

■»nd cryptographic control functions, respectively* 
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£8. In a cryptograph, a cot of character clcnentc constituting 
a key hoard nnd a set of indicating elements ; a circuit Syrian operatively 
connecting said acts of elements j mans for establishing cryptographic 
relationships between said sets of elements, including a plurality of 
self-controlled comsrotntors, said eemmtotorf being interchangeable wad 
being provided with a single roe of ring contents on ths obverse and 
reverse faces, respectively; displacement Mthnlm operative to effect 
angular displacements of said e e—a a tutors ; and mans including a a* i toll 
neehaalen In sold circuit ayeten and effective in segusmtlal oper a tions 
of said msohanimas to provide electrical channels through said contacts 
to ea se *■ id ro await tors to perform cryptographic substitution functions 
and cryptographic control functions alternately* 

£9. In Ti cryptogrmh, a s t of character elemerts constltut- 
ii t *i keyboard and a sat of signalling devices electrically Interrelated 
with said elements ; mans for establishing operative cryptographic re- 
lationships between said devices and said elements, including a set of 
ciphering eaeamtators % and naans to offset the angular displacements of 
said oomsatators, inslud lag a set of control commutators! and mans 
operative with said e astro 1 donmutntore to effect the displacement opere- 
tjons individually in single step disrl* cements# 

30* In a cryptograph, a set of character elements constitut- 
ing a keyboard end a s*t of signalling de visas electrically interrelated 
with said elements ; means for establishing operative cryptographic 




